[1] This paper describes selection and characterization of the landing site for the Mars 2004 Beagle 2 mission. The site is within Isidis Planitia between 10°-12°N, 266°-274°W, centered at 11.6°N, 269.5°W. This is at low elevation (À3600 to À3900 m MOLA), is flat (MOLA RMS slope = 0.57°), radar data suggest a smoother surface at decimeter to meter scales than the Pathfinder site and it has a moderate rock abundance (2-17%, mean 11%). In addition to this, Isidis shows evidence for concentration and remobilization of volatiles. In particular, the basin contains conical landforms. We favor models involving the formation of tuff cones during magma-ice interaction. Structures identified as dykes in MOC images may be remnants of magma conduits. The pattern of bulk thermal inertia in Isidis (higher values of 500 Jm À2 s À0.5 K À1 around the SW-S-E margin decreasing toward the center and north) suggests that an influx of sediment spread from the Noachian areas around the southern half of the basin over the basin floor. The coarse, higher thermal inertia material was deposited closest to the sediment source. The variable state of erosion of the tuff cones suggests that they formed intermittently over a long period of time during Amazonian and possibly Hesperian epochs. Geologically recent resurfacing of Isidis has also occurred by aeolian processes, and this is shown by a deficit in impact craters <120 m diameter. The proportion of rocky material is predicted to be slightly less than the Viking and Pathfinder sites, but there will probably be more duricrust.
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Introduction
[2] In this paper we outline why Isidis was selected from the potential landing areas as the Beagle 2 landing site. We also use available data to characterize its geological evolution including volcanic activity, topography, the pattern of rock and duricrust abundances as shown by maps of thermal inertia, aeolian activity and exobiological potential. Mars Orbiter Camera (MOC), Mars Orbiter Laser Altimeter (MOLA), Thermal Emission Spectrometer (TES) and preexisting Viking images and Infra Red Thermal Mapping (IRTM) data have been examined. Earth-based radar observation data of Mars have also been used to gain information about the roughness of the site at decimeter to meter scales. The results for the chosen site in Isidis are presented here and are compared to those of the previous successful landers to give an indication of the nature of the land surface that can be expected during the Beagle 2 mission.
its suite of other instruments [Sims et al., 2000] . An attempt will be made to search for extant life by looking for traces of methane within the atmosphere.
[4] The Beagle 2 instrument suite ($9 kg) consists of: a stereo camera pair with 24 filters including 11 narrow band mineralogy filters (440 -1000 nm) distributed between the two cameras (these will also produce a 48°diagonal FOV with a close focusing distance of 0.6 m); a 4 color microscope with a resolution of $8 mm for examination of rock and soil; an X-ray-Fluorescence Spectrometer for elemental composition; a Gamma-ray Mössbauer Spectrometer for determining iron oxidation and chemistry; a suite of environmental sensors measuring temperature, pressure, dust opacity, UV radiation; the Gas Analysis Package which can measure atmospheric gas composition as well as searching for organics via the stepped combustion method. Samples are collected by a variety of sample acquisition tools including the Mole. This is a self-burying penetrometer utilizing an internal hammer mechanism for propulsion. At its front end it carries a mechanism for acquiring a soil sample.
[5] Beagle 2 will be launched as part of Mars Express in June 2003. It will have a direct entry into the atmosphere at 5.6 kms À1 via a prograde approach and will land on Mars at the end of 2003. The probe will decelerate using radar altimetry, aerodynamic braking, parachutes and airbags, which will be jettisoned at appropriate points during the entry, descent and landing sequence which in total takes about 10 minutes. Mission duration is planned to be at least 180 Sols (Martian days). The Lander will be powered by solar arrays during the day and a Li-ion battery at night. Lander systems will be maintained within operating temperature limits using solar heat by day and heater power by night. The thermal design has been optimized for the chosen landing site and season. Data from the Lander will be relayed back to Earth via the Mars Express Orbiter and NASA's Mars Odyssey mission. The Lander will be controlled from a UK-based operations center.
Landing Site Requirements
[6] The landing constraints for Beagle 2 were established to optimize the prospect of a successful landing and operation of the on-board power system. One important constraint, imposed by the parachute descent, is that the landing site must have elevation lower than the 6.1 mbar pressure datum. This was formerly defined as 0 km, but is equivalent to À1.6 km MOLA at L s = 0° [Smith and Zuber, 1998 ]. A safe landing requires a relatively obstacle-free land surface (defined as the majority of slopes <15°and little sign of widespread scarps, ridges etc.) within the calculated landing ellipses, most total rock abundances 5 -15% (corresponding to 5% of the surface covered by rocks of >0.2 m height), moderate thermal inertia (which relates to rock and dust abundance). Considerations of solar power dictate that the site must be close to the equator. Safe wind speeds during the parachute landing process are 15 ms À1 particularly within the last 100 m of descent. The primary data for atmospheric, wind and surface temperature modeling were derived from the European Mars Climate Database [Lewis et al., 1999] . The approach is similar in terms of constraints to that used for the Pathfinder mission [Golombek et al., 1997a] .
[7] The landing ellipse sizes and orientations were calculated from Monte Carlo simulations, prepared by the Mars Express investigation team. The ellipse geometry depends upon the flight path angle (fpa) of Beagle 2 as it enters the Martian atmosphere. An initial set of 3 landing ellipses was used in establishing the area within which the final ellipse would be situated. Of these 3 ellipses, the largest, with the smallest fpa considered by us (15°), is 495 km Â 93 km with a 77.6°clockwise from north azimuth. This covers an area of 35 000 km 2 . A smaller ellipse -used for selection of the landing coordinates after all of the data had been collected around the area of the initial ellipses -is 174 km Â 106 km with a 74.9°azimuth. This ellipse has an area of 14 500 km 2 . Ellipse dimensions and orientations are summarized in Table 1 . It is possible that by the time of landing the navigational errors will have been modeled to an accuracy allowing this ellipse size to be reduced further. In this paper longitude is quoted as degrees west in accordance with the planetographic system commonly used for Mars. However, more accurate aerocentric longitude and latitude coordinates on MOLA Digital Elevation Models are now available and these were used for selection of the site (e.g., 270.0°W as quoted in this paper is equivalent to 90.0°E aerocentric longitude for the landing site). Both coordinate systems are used in our figures.
[8] The zone of possible latitudes, consistent with sufficient sunlight for the solar arrays to operate during the northern hemisphere's mid winter to early spring (the projected duration of the lander's operations is from L s = 322°to 53°), lies between 12°S and 12°N latitude. Most dust storm activity on Mars occurs before this season, in late southern spring. For instance, Smith et al. [2001b] used Thermal Emission Spectroscopy data to describe large equatorial dust storms between L s 225°and 245°and a general decrease in dust storm activity by L s = 345°.
Potential Landing Areas From Which Isidis Was Selected
[9] In this section we describe the areas on Mars that were assessed as possible landing areas in terms of their suitability for the scientific aims of the mission and where the terrain favors a safe landing. The main potential landing region extends for 7000 km from Amazonis Planitia (160°W), westward through the Elysium basin centered at 220°W to the Isidis basin at 270°W (Figure 1 ). This region mainly lies to the north of the scarp that divides the lowlands and highlands near the equator although the Isidis basin postdates and overlies this dichotomy boundary. MOLA elevation across the region varies from À1 to À4 km.
[10] Other areas of low elevation within the viable range of latitudes include Ganges Chasma (45°W, 10°S) and Simud Valles (37°W, 6°N) south of the Chryse channels, but these areas were not free of obstacles within the required initial landing ellipse dimensions and so are not considered here. Sinus Meridiani around 0°W, 2°S has attracted interest as a site for future landers because of the probable presence of haematite deposits . However, most of this area lies at or above À1.6 km MOLA so it was not considered in the final selection of sites for Beagle 2.
[11] Much of Elysium and Amazonis Planitia are covered by lava flows which could be as young as 10 Ma [Hartmann and Berman, 2000] . This is the smoothest part of the northern lowlands at the kilometer and hundred meter scale [e.g., Kreslavsky and Head, 2000] . However, pristine marelike lava flows are likely to have rough surfaces at the meter-scale and so would not be suitable for Beagle 2. The Cerberus Plains (in parts of SE Elysium, 3°N, 230°W to 10°S, 120°W) contain, in addition to young lava flows, the Medusae Fossae Formation (Am in the geological unit notation of Tanaka et al. [1992] ), large sand sheets, and some flood channels smaller than the landing ellipse size as at 18°N, 175°W [e.g., McEwen et al., 2001] . The Medusae Fossae Formation -which has the greatest areal extent of the different mapped geological units in the region -is an erosional terrain the origin of which is highly debated (see summary of hypotheses by Zimbelmann et al. [1997 Zimbelmann et al. [ , 1999 and Sakimoto et al. [1999] ).
[12] An area of Amazonian Smooth Plains (Aps) is present between 190-200°W, 0°-10°N. However, inspection of narrow angle MOC images reveals the presence of kilometer-long scarp slopes and an uneven land surface on the meter to tens of meters scale. Some images within this Aps outcrop also show eroded land surfaces with dissected lava flows or strata visible. This rugged land surface is not suitable for Beagle 2 and so was not considered further.
[13] Parker et al. [1993] proposed that contacts that they mapped along the margins of the northern lowlands represented shorelines from previous oceans formed from the Hesperian outflow channels. According to their mapping, these deposits closely correspond to the margins of the Vastitas Borealis Formation, and the arrangement of the contacts led to their interpretation that the northern lowlands (including the Isidis Basin) was flooded by standing bodies of water at this time. If such bodies of water indeed existed in the Hesperian, they apparently disappeared by the early Amazonian [Head et al., 1999; Ivanov and Head, 2001] . Kreslavsky and Head [2002] have suggested that the Vastitas Borealis Formation (such as the region within Isidis) may represent the sedimentary residue remaining from frozen outflow channel effluents that subsequently sublimed.
Thermal Inertia and Albedo Data on Potential Landing Areas
[14] Remote data on thermal inertia (TI) and albedo were also useful in making the choice of landing site from within the potential landing region by providing information about rock and dust distribution. Thermal inertia data were used to predict rock abundances accurately at the Viking and Pathfinder sites prior to those landings [e.g., Golombek et al., 1999] .
[ . Some areas from 150°W -180°W, 0 - Here, fpa, flight path angle. The ellipses' dimensions are for 3 standard deviations (s.d.), corresponding to 99% probability ellipses. One and 2 s.d. ellipses would be one third and two thirds of the dimensions shown in the table, corresponding to 39% and 86.5% probability ellipses. The largest ellipses were used for the initial selection of the landing area and the smallest ellipse, which was calculated afterwards, for the final selection of the coordinates aimed at. Azimuth (clockwise from north) is of ellipse major axis. Pathfinder and Viking landing ellipses were 200 Â 100 km with 67.5°(clockwise from north) azimuth. It is possible that at the time of the Beagle 2 landing, improved navigational accuracy will lead to a smaller landing ellipse. ). This includes the Medusae Fossae Formation and much of Amazonis Planitia, although there is no direct correlation between the geological map units and the areas with low TI. The low TI values are consistent with a coating of dust (from a few cm to a meter thickness), which has led to the high albedos of these areas [Christensen and Moore, 1992] . This dust coating is not thick enough to mask the underlying landforms in MOC images but might partially cover the solar panels if it was remobilized during the mission.
[ [17] However, the TI modeling does more than just give information about rock fragments (!0.10 m diameter) on the surface. Bulk thermal inertia measurements are often dominated by the fine component TI, and Mellon et al. [2000] and Jakosky and Christensen [1986] noted that high thermal inertias recorded by TES, in some areas of Mars, could indicate the presence of cemented duricrusts or sand, particularly intracrater dunes. On the basis of TI modeling, Mellon et al. [2000] divided the Martian surface into 3 main units: unit A with low TI and high albedo (e.g., Arabia and Tharsis), B with high TI and low albedo (e.g., the ancient highlands between 30°S-60°S), and C with intermediate TI and albedo values (Viking 1,2, much of the lowland equatorial region between 200°E and 90°E including the northern half of Isidis). A fourth unit, D, with high TI did not fit into these 3 main categories (e.g., the Pathfinder site in Ares Vallis and the southern half of Isidis). The intermediate physical properties of C could not be explained solely through a gradational change in the distribution of dust between dust-rich Type-A surfaces and dust-poor Type-B surfaces because the frequency plots of TI readings of the Martian surface do not show a gradational change between low and high TI values. Instead Mellon et al. [2000] suggested that it marked the presence of duricrusts, such as those identified at the Viking and Pathfinder sites. A type C site with a mixture of rock and duricrust and soil with a limited covering of dust that could be remobilized is suitable for the design of Beagle 2 and its sampling instrumentation.
[18] As a result of these remote data considerations and the nature of the land surfaces as outlined in the previous section, the Isidis basin (with predicted rock abundances within the acceptable range and a relatively smooth land surface) was selected for the Beagle 2 landing site and detailed characterization.
Characterization of the Isidis Surface

Basin Structure and Topography
[19] The northern lowlands are characterized by relatively thinner crust than the ancient highlands (averaging about 35-40 km [Zuber et al., 2000] ), and consist of four topographic basins, North Polar, Chryse, Isidis and Utopia. Isidis and Utopia are clearly of impact origin and Chryse may also be of impact origin, the impact events occurring within the Noachian Period [e.g., Schultz and Frey, 1990; McGill, 1989; [Smith et al., 1999] and Isidis in particular has the largest anomaly within 30°north or south of the equator [e.g., Phillips and Saunders, 1975] . Zuber et al. [2000] and others have interpreted the combined gravity and topography data to reflect basin infill by sediments or lavas, and/or, thinning of the crust underlying the basin.
[20] Head et al. [2002] showed that compressional tectonic features (wrinkle ridges), up to hundreds of km long, appear to form a concentric pattern around the Tharsis dome, and distinct patterns within the Isidis and Utopia basins and elsewhere within the northern lowlands. These wrinkle ridges [Chicarro et al., 1985] are markedly similar to those of the lunar maria.
[21] The stratigraphic relationship of formations that are contemporaneous with or postdate the Early Hesperian (Hr) plains and the superposed wrinkle ridges in the northern lowlands is seen within the Isidis basin and is as follows [Greeley and Guest, 1987] : 1. The Upper Hesperian Vastitas Borealis Formation (Hvr), exposed in a broad arc in the central and western floor of the Isidis basin ( Figure 2 ). This is the ridged member, consisting of concentric low ridges about 1 -2 km wide. 2. Amazonian Smooth Plains (Aps), which form regions of lightly cratered, flat featureless plains interpreted by Greeley and Guest to be of diverse origin, with many units being of aeolian origin. Aps is exposed around the margins of the basin floor and in the northeast part of the basin interior. These sediments were deposited predominantly on top of the Hr lava flows partially obscuring the wrinkle ridge topography, as at the Viking 1 site in Chryse Planitia. Grizaffi and Schultz [1989] and Tanaka et al. [2000] suggested that Isidis had been covered by a layer of volatile-rich sediment at one stage in its history and this question of the presence of sediments is considered further in the light of MOC and MOLA data in later sections.
[22] The concentric structure of the Isidis Basin (Figure 2) has been described by Frey et al. [2000] . They showed that there are three structural zones: an inner 1100 km ring enclosing the Aps and Hvr plains material from 2 -22°N and 262 -282°W (''Inner Deposits'' and containing the Beagle ellipses); a 1500 km ''main ring'' which in the south-west is covered by the Syrtis Major shield volcano lavas and contains ancient highland rim material to the south from 0 -25°N and 260-285°W; a third, 1900 km outer margin ring from 3°S-27°N, 258 -268°W. The main ring occupies a broad depression and this is shown by a break in slope in the Syrtis Major lava flows which partially overlap the basin [Frey et al., 2000] . The overall elevation decrease from outer rim to basin floor is 5000 m. The Isidis basin is probably underlain by lavas, which is consistent with the wrinkle ridge topography. Solomon and Head [1980] suggested that the circumferential grabens, within the NW outer margin of Isidis (Figure 2 ), of which Nili Fossae is the largest, within the NW outer margin of Isidis (Figure 2 ) are the result of lavas downloading the lithosphere. Other graben are located to the SE of the inner ring and are overlain by the Aps deposits. The Isidis basin is also slightly tilted down toward the SW with a drop in elevation of 300 m across the inner ring from NE to SW. Tanaka et al. [2000] suggested that this tilt was the result of isostatic adjustment due to sedimentary loading in the Utopia basin to the NE. Within this overall regional slope trend, elevated zones <6 km wide correspond to the underlying wrinkle ridges of the Hesperian Ridged Plains member (Hr).
[23] The eastern margin of Syrtis Major is fractured and degraded creating a chaotic-like terrain leading into the Isidis basin. Tanaka et al. [2000] proposed that the Isidis plains experienced a catastrophic influx of volatile-rich mud from this region. They also suggested that the Inner Plains deposits within the central part of the basin floor, corresponding to the Aps and Hvr deposits of Greeley and Guest [1987] , are in fact of the same age and derived from the breakup of the Syrtis Major shield. As part of this model the cones which characterize Isidis were suggested to be a result of the release of volatiles that had been trapped within the units at the time of their deposition. A later section reviews the evidence for cone origin.
Thermal Inertia and Albedo Measurements of Isidis
[24] We have used TES thermal inertia (TI) data from Mellon et al.
[2000] to construct a high resolution map of (Table 1 ). The 1500 km diameter ''Main Ring'' and the 1100 km Inner Ring [Frey et al., 2000] [Greeley and Guest, 1987] . Dotted lines are the boundaries between these units. G indicates two of the ghost craters, partially filled by Amazonian sediment, in the south of the basin. Inset shows the MOLA 1/64th DEM of the Isidis basin with elevation scale. Data from MOLA Science Experiment Team.
Isidis and the area covered by the landing ellipse ( Figure 3 , Table 2 ). This shows that the lowest bulk TI values <300 Jm À2 s À0.5 K À1 are found to the north and west of the basin, whereas TI in most of the basin interior, including across the landing ellipses is 300 -400
, are found toward the SW-S-E margins of the basin. This partially coincides with the outcrop of the Aps formation which mantles much of the margin of the basin floor ( Figure 2 ). There is some variation between the Viking IRTM and Mars Orbiter TES data sets for thermal inertia (Table 2 ). This may be because the IRTM data set has lower pixel resolution and also because different models have been used for calculating surface thermal inertias. The predicted rock abundances are from Christensen [1986] and these were calculated from IRTM thermal band differencing. The landing ellipses' rock Figure 3b is the contour dividing areas with predicted wind speeds at 900 m elevation >12 ms À1 to the south from lesser speeds to the north. The short trend lines of cones [Grizzaffi and Schultz, 1989] are also shown around the inner margin of the inner ring.
abundances are 2 -17% with most of the higher part of this range in the SW half of the ellipses where the TES TI exceeds 300 Jm À2 s
. The average rock abundance in the region of the landing ellipse (265-274°W, 9 -12°N) is 11% and the highest rock abundances (28%) are found over the large craters outside the landing ellipses (e.g., at 10°N, 266°W). Within the final landing ellipse the rock abundances vary from 0-15%.
[25] Comprehensive albedo measurements of Mars from the Viking Orbiter IRTM were reported for 1977 by Pleskot and Miner [1981] . The albedo in Isidis was found to vary considerably through the year, the highest values 0.20 -0.30 occurring from L s 337 to 0°(northern winter, southern summer) when dust was settling from the atmosphere after a global dust storm. From L s 46 to 60°(early northern spring) when the effects of the dust storm had diminished, the albedo in Isidis was 0.20-0.25. This is taken to be representative of the normal Isidis albedo. It is similar to the albedos of the Viking 1 and Pathfinder sites (0.20-0.25) and slightly lower than that of the Viking 2 site (0.25-0.30) when measured at the same season. It is also similar to the TES albedo measurements in the region of the Beagle 2 landing ellipses which are 0.25 -0.27 (Table 2 ). This moderate albedo (e.g., compared with much of Tharsis and Arabia Terra which have higher albedos, and the adjacent Syrtis Major basin which is one of the darkest regions on Mars) is consistent with a partial covering, ! mm thick, of reflective dust. It has been demonstrated that dust landed on Pathfinder's solar arrays at the rate of 5 -15 mm/yr [Landis and Jenkins, 2000] . Much of this dust influx onto the Isidis rocks and soil will be remobilized, which is consistent with variation in the measured albedo between seasons as described above.
[26] The higher fine component thermal inertia of the Isidis site compared with the Viking and Mars Pathfinder landing sites argues that there is less dust at Isidis relative to that found at the other three sites.
[27] The albedo and TI measurements of Isidis are closest to the characteristics of the Unit C mapped on Mars by Mellon et al. [2000] , although the range of Isidis TI values extends to greater values in the southern part of the landing ellipse and Mellon et al. left that part of Isidis in an uncertain category (Unit D). Higher TI values in the south of the area do not correlate with the presence of sand dunes as MOC images reveal their presence across the entire basin, therefore the high TI component in the bulk measurements is unlikely to be dominated by sand-sized particles. The rock (!0.10 m) abundance model of Christensen [1986] proved accurate for Ares Vallis [Golombek et al., 1997b] so there can be confidence that it will also be applicable to Isidis which has similar albedo and TI characteristics.
[28] The relatively high TI values of the landing area probably represent a mixture of rock (comprising up to 17% of the ground surface) and duricrust surrounded by finer grains and partially covered by reflective dust. The presence of duricrust over much of the landing ellipse surface is suggested by the fine component TI, which is higher for Isidis than the other successful landing sites . In addition to the duricrust coverage, using the rock abundance curves of Golombek et al. [1999] and Golombek and Rapp [1997] for an average rock abundance of $15% suggests that 6% of the Isidis landing site surface is covered by rocks of >0.1 m height, 5% rocks >0.2 m height, and 10% of the surface is covered by rocks >0.1 m diameter. The height and width values are based on data sets derived from Viking Lander images [Golombek and Rapp, 1997] .
[29] If it is assumed that rock abundances increase with proximity to their sediment source, then it is likely that the highest TI regions in the Isidis basin (reflecting greater rock abundances) are closest to the sediment source for the rocky material on the Isidis plains. As the highest TI values are concentrated around the southern margin of Isidis, it is likely that the Isidis rocks are debris brought in from the Noachian highland areas to the south of the basin. The pattern of TI is not consistent with the majority of rocky material being brought in from Syrtis Major as suggested by Tanaka et al. [2000] . Aharonson et al. [1989] and (for Isidis) this study. RMS slopes are larger than median slopes because they are influenced by a small number of greater slopes in the tail of the slope distribution [Kreslavsky and Head, 1999; Aharonson et al., 2001] . c Goldstone Solar System Radar (GSSR) RMS slopes (this study) with standard deviations of the unweighted means. The two values for Isidis are those over Aps and Hvr rock units respectively (see Table 3 ). There is a gentle slope from À3600 m to À3900 m from NE to SW within the landing ellipse areas. The area of higher topography running ENE-WSW is the surface expression of a wrinkle ridge, 150 m above the surrounding area. The black circle marks the possible extent of ejecta from the 60 km diameter crater in its center. This can be seen to intersect the NE corner (450 km 2 ) of the 15°fpa ellipse. G is partially buried ''ghost'' crater. (c) Calculated slopes between MOLA points. The slopes were derived from MOLA gridded DEM of 1/128th resolution. Original DEM was made with a linear semi-variogram model calculation and kriging in 64 arrays. All MOLA spots were crossover corrected before kriging. Noise tracks were removed and then E-W slope and N-S slope were calculated by total slope = sqrt((E-W slope)*(E-W slope) + (N-S slope)*(N-S slope)) using arc length. The root mean square (rms) values of these are 0.38°and 0.34°, giving a combined NS and EW RMS slope of 0.57°, total slope = sqrt(NS*NS + EW*EW). The generally flat nature of the region is evident and the calculated average RMS slope is 0.57°. The wrinkle ridge and impact craters are the only areas at this scale with slopes >2.5°. (d) Vertical roughness (rms) map derived from MOLA pulse width data, with the scale showing relief within individual $150 m diameter MOLA backscattered laser shots on the Martian surface. Shot to shot slopes removed as described by Garvin et al. [1999] and Smith et al. [2001a] . The prominent wrinkle ridge is apparent as an area with relief >4 m, but otherwise this figure is consistent with Figures  4a -4c in showing the generally flat nature of the Beagle 2 landing area. (e) Detrended topographic map of Isidis Planitia (regional slope removed). The map is centered at 13°N, 272°W; north is at the top; map projection is simple cylindrical. Filter core radius used is 50 km. The map shows Isidis to be underlain by a wrinkle ridge basement similar to that of lunar mare. See for details.
[30] The ratio of red/violet reflectivity for Isidis (2.6 -3.0 [Golombek et al., 1997a] ) is slightly higher than that of the previous landing sites, suggesting the presence of a largely oxidized mineral assemblage e.g., containing ferrihydrite or haematite in the surface material. McSween et al. [1999] demonstrated for the Pathfinder results that high red/blue reflectance ratios correlated with SO 3 contents. Therefore the surface of Isidis is likely to consist of sulfur-bearing salts and ferric iron-rich minerals in duricrust and dust interspersed with rocks.
[31] The surface spectral signatures of Martian low albedo areas have been modeled using MGS thermal emission spectra, with basaltic regions apparently concentrated to the south of the crustal dichotomy and a more feldspar-rich, andesitic-like composition across much of the northern plains [Bandfield et al., 2000] . However, as Isidis has a relatively high albedo, the spectral signature of igneous or sedimentary rocks that underlie the layer of duricrust and soil is unclear.
Wind Speed Modeling Across Isidis
[32] The results of both global atmospheric circulation studies of Mars under typical dust conditions [Lewis et al., 1999] and complementary mesoscale wind modeling for L s = 300-330°and 2pm local time across Isidis, suggest that the region within the initial landing ellipses to the south of about 10.5°N might have wind speeds at that time of Martian day which exceed the Beagle 2 safety limits. For this reason the final, smaller ellipse was centered at 11.6°N, 269.5°W, within an area of the landing site region predicted to have lower mean wind speeds, <12 ms À1 at 900 m elevation, and correspondingly low wind speeds within the final 100 m descent of the lander to the surface (Figure 3b ).
Topography Across the Area of the Isidis Landing Ellipse
[33] Figures 4a -4c shows detailed MOLA-derived maps (data points on 1/64th degree and 1/128th degree gridded DEM) across the area of the initial and final landing ellipses in Isidis. Relatively higher ground, À3600 m, is at the ENE end of the ellipses and lower ground, À3900 m, occurs at the WSW ends. This drop in elevation gives a regional slope of $0.03°. Similarly, within the final ellipse the drop in elevation is À3600 to À3800 m. The slopes across the area of the initial Isidis landing ellipses ( Figure 4c , Table 2 ) were calculated from a MOLA DEM between data points in both north-south and east-west directions. The root mean square (rms) values of these are 0.38°and 0.34°, giving a combined NS and EW RMS slope of 0.57°. The combined median slope is 0.3°. This is comparable with median slopes of previous landing sites which are 0.3°at Pathfinder and 0.2°at Viking 1 [Aharonson et al., 2001] .
[34] Figures 2 and 4 show the slightly elevated ridges within the landing area that are superimposed upon this regional slope. The ridges correspond to wrinkle ridges described by that are present across much of the northern plains. In Isidis they are 150 m above the surrounding plains. The most prominent ridge is WNW-ESE trending and lies across the center of the initial landing ellipses. In order to check the slopes associated 
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with the wrinkle ridges, we compiled a 1/128th degree MOLA DEM of the area directly around the largest subdued ridge and found the average slope to be <2.5°. On the MOLA 1/128th degree DEM (Figure 4c ) only impact craters contain slopes which are >2.5°and of sufficient areal extent to show up. Some slopes on the conical hills must exceed this steepness but they are too small to be visible on the MOLA DEM. These slopes are likely to be mainly 9-26°(clinometric data from Viking Orbiter images [Hodges and Moore, 1994] ).
[35] MOLA pulse spread data have been used to derive maps of vertical relief Smith et al., 2001a] and these support the interpretation of the landing region as generally flat (Figure 4d ). There are few areas having relief (in RMS units) within MOLA 150 m diameter analysis spots of greater than 4 m. Only the prominent wrinkle ridge and impact craters are clearly seen to have relief of 8 m (rms) within the 150 m pulse spots. The 2 m pulse spread (rms) intervals correspond approximately to relief of $ 10 m within the 150 m spots.
[36] Head and Bridges [2001] used a detrended MOLA topographic map of the Isidis basin (Figure 4e ) to show the pattern of underlying wrinkle ridges in Isidis. In the outer portions of the inner ring, irregular radial features dominate. Within the innermost 300 -400 km the wrinkle ridges display a more isotropic orientation. Superposed on these trends is a general WNW-ESE ridge trend extending through the middle of the basin and across the initial landing ellipses.
[37] The subdued surface expression of the ridges may be a result of resurfacing during both the deposition and erosion that Isidis has undergone since the ridges formed. suggested that the underlying wrinkle ridge topography (part of the Hesperian Ridged Plains) of the northern lowlands (including Isidis) had been partially buried by later sediments of the Vastitas Borealis Formation, which includes Hvr [Tanaka et al., 1992] . These sediments may be related to the standing bodies of water proposed by Parker et al. [1993] and this is considered as a possible volatile source in the Isidis basin in a later section.
Earth-Based Radar Observations of Isidis Topography
[38] The Goldstone Solar System Radar (GSSR) has performed Earth-based delay-Doppler radar observations of Mars in support of previous landing site selections [e.g., Haldemann et al., 1997] . We have analyzed specular radar echoes at 3.5 cm wavelength (X-band) using the Hagfors model [Hagfors, 1964 ] to obtain Fresnel reflectivity ( r 0 ) and RMS slope (q rms ) estimates for ''resolution cells'' every 0.09°along the radar tracks. The resolution cells are approximately 10 km Â 150 km in size. DelayDoppler radar techniques and analysis are described in several review articles [e.g., Ostro, 1993; Simpson et al., 1992] . The processing algorithm used is summarized by Haldemann et al. [1997] and is very similar to that used by Downs et al. [1975] . This technique probes surface roughness at scales of ten to a hundred radar wavelengths and so 
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provides information on a finer scale (i.e. decimeter to meter scales) than is available from MOLA.
[39] While no radar tracks in the GSSR database directly sample the Beagle 2 landing site, there are six tracks that sample the various geologic units in the Isidis basin, and in particular Hvr. The Isidis track coverage is given in Table 3 . We have calculated the statistics of the radar model fits for all the data between 261°and 281°W, and between 2°and 22°N. The means and standard deviations of the Hagfors model fits are listed in Table 3 . For comparison we also list the average values for the units near the Mars Pathfinder landing site and the average value for the resolution cells containing that lander. The Hvr and Aps units which fill the center of the Isidis basin are both sufficiently reflective for the Beagle 2 radar altimeter to operate during entry. These two units also have the lowest q rms values of the units around the basin (2.4°± 0.9°and 3.2°± 1.3°respectively; Tables 2 and 3) and are smoother than the Pathfinder landing site (5.4°± 1.1°).
[40] The radar results suggest that at the decimeter to meter scale Isidis is smoother than the Pathfinder landing site. This is consistent with the predicted lower average rock abundances of Isidis compared to those encountered at Ares Vallis and is beneficial for a safe landing.
Conical Landforms and Possible Magma-Ice Interaction
[41] Conical landforms are a characteristic feature of the Isidis land surface and they have received a lot of attention since they were identified in Viking images [e.g., Grizzaffi and Schultz, 1989; Frey and Jarosewich, 1982] . Subkilometer diameter cones with summit pits are found singly, in clusters or (specific to the Isidis basin) along chains which can reach over 20 km in length throughout Isidis [Hodges and Moore, 1994] . Working from Viking Orbiter images, Grizzaffi and Schultz measured the orientation of cone chains around the outer part of the Inner Plains Deposits (shown in Figure 3a) . The long arcuate arrangement of many of the cones [Frey and Jarosewich, 1982] implies some structural or stress-related control on the distribution of the cones, although whether this is related to the orientations of underlying wrinkle ridges or overall structure of the basin is not clear.
[42] Our study shows that the morphology of the cones varies, irrespective of whether they occur singly or in chains (Figures 5a -5d ). Some have a relatively shallow saucer-like summit depression and look like terrestrial cinder cones, except for the crucial absence of associated lava flows (this is discussed further in the next subsection). Others, with larger and deeper summit depressions, have the appearance of elevated rings rather than cones, and resemble terrestrial tuff cones and tuff rings.
[43] The elevated and sometimes elliptical nature of these rings distinguishes them from impact craters. In addition to the range of heights and shapes shown by the cones and rings, these landforms exhibit a variety of erosional states, from relatively fresh-looking, through to highly eroded, with the sides of the cones sometimes showing signs of degradation (Figures 5b and 5f ). The variation in erosional state also suggests that the cones formed over a long period of time and the fresh appearance of some of them requires that at least some postdate the underlying lavas of the Hesperian Ridged Plains.
[44] Inspection of the MOC images within the landing region also reveals that the cones or elevated rings can cover up to $13% of the surface, with the higher proportions generally being found in the western-central part of the basin (Figure 6 ). The lowest areal coverage of cones occurs around the margin of the basin floor and most of the MOC images in this area show no cones.
[45] Proposed mechanisms for the cones' formation have included explosive volcanism resulting in cinder cones [Plescia, 1980] , phreatomagmatic explosions forming pseudocraters [Frey and Jarosewich, 1982] , and overpressure in volatile-rich sediments causing mud volcanism [Ori et al., 2001; Tanaka et al., 2000; Hoffman et al., 2001] . The Isidis cones have similar crater/cone diameter ratios (0.45 -0.54) to Icelandic pseudocraters which formed through the explosive contact of lava with ice or water-rich ground [Frey and Jarosewich, 1982; Hodges and Moore, 1994] , but given the lower Martian surface gravity and atmospheric pressure pseudocraters may be systematically broader and flatter than on the Earth and higher crater-cone diameter ratios than those of terrestrial examples would be expected [Wilson and Head, 1994; Fagents and Wilson, 1996] .
[46] Our examination of higher resolution MOC images of the cones rules out other models involving glacial origins or ablation of glacial debris [Grizzaffi and Schultz, 1989] as their distinct summit craters strongly suggest an explosive origin. However, there is no sign of an association with lava flows, as is the case in terrestrial pseudocraters and the more obviously pseudocrater-like cones in Amazonis and surrounding regions . As pointed out by Hoffman et al. [2001] there appears to be no evidence of breached cones or associated lava flows to support the suggestion that they are cinder cone volcanoes. Mud volcanism would require the deposition of volatile-rich sediments, for which there is some evidence [Grizzaffi and Schultz, 1989; Tanaka et al., 2000] , although there is no clear evidence whether the depth and speed of deposition would have been adequate to form mud volcanoes. On Earth, mud volcanism is associated with km-thick sediment accumulations in tectonically active areas [Milkov, 2000] with resultant development of over-pressuring. In Isidis the thickness of deposits is likely to be no more than a few hundred meters at most because the low elevation of the basin (À3.6 to À3.9 km) and the surface expression of the basement wrinkle ridges does not allow for km-thick accumulations of sediment. It is, therefore, difficult to explain the cones as pseudocraters or mud volcanoes. 3.5.1. Cinder Cones or Tuff Cones?
[47] Evidence supporting a link between the cones and igneous activity is present in some features on the basin surface which appear to be surface exposures of exhumed dykes (Figures 5e and 5g ). Figure 5g also shows the roughest region identified within our landing ellipse from MOC or MOLA data. The scarps (arrowed) may be intrusions. Intrusions could have acted as melt conduits for the cones and rings. The exhumation of dykes is also consistent with the substantial erosion of the Isidis land surface. Assuming an igneous origin, the cones in Isidis might be either cinder cones [Plescia, 1980] or tuff cones [Hodges and Moore, 1994] . We consider both possibilities.
[48] Cinder cones are produced by the explosive exsolution of magmatic gas, leading to fragmentation of the magma, during magma ascent, resulting in the eruption and proximal deposition of fragmented pyroclasts [e.g., Wilson, 1987, 1989 ]. On Earth, many cinder cones are accompanied by lava flows that escape through a lateral breach in the conduit during the later stages of the eruption [Wood, 1980] . Furthermore, pyroclasts may strike the ground at a sufficient rate and temperature to supply a rootless (clastogenic) lava flow.
[49] As pointed out by Hoffman et al. [2001] there appears to be no evidence of breached cones or associated lava flows to support the suggestion that the Isidis cones are cinder cones. However, comparison between the Isidis cones and terrestrial examples is complicated by the fact that the lower Martian atmospheric pressure would result in significantly greater fragmentation of erupting magmas under cinder cone conditions. Current modeling [Mitchell et al., 2002] suggests that exsolution and expansion of relatively small quantities of magmatic volatiles (less than 0.1 wt%) during Martian basaltic volcanic eruptions can result in highly explosive eruptions, more typical of those associated with volatile rich ($6 wt% water) rhyolitic magmas on Earth. Moreover, significantly smaller (by a factor of $100 [Wilson and Head, 1994] ) clast sizes would be generated, leading to increased temperature losses due to adiabatic expansion and radiative and convective heat loss in flight. Hence it is plausible that, for vertical or nearvertical conduits (in which magma and volatiles would be well-coupled), the low atmospheric pressure of Mars could cause sufficient near-vent fragmentation to preclude the formation of lava flows, so despite the absence of identified lava flows in association with the Isidis cones, a cinder cone origin remains possible.
[50] However the other, perhaps more likely origin, is through phreatomagmatic eruptions building tuff cones and tuff rings. These form on Earth when a explosive eruption is driven by steam generated from the entrainment of ambient water, with water/magma volume ratios of about 1:1 for tuff rings [Lorenz, 1986; Wohletz and McQueen, 1984] and up to about 10:1 for tuff cones [Wohletz and Sheridan, 1983; Vesperman and Schmincke, 2000] . The distinction between tuff cones and tuff rings may be largely attributable to a variety of eruption conditions, but both require the involvement of locally entrained volatiles [Sohn, 1996] . The involvement of ambient water leads to lower ejecta emplacement temperatures than for cinder cones, and so tuff cones or rings are rarely associated with effusive lava flow activity, which is consistent with our observations of Isidis.
[51] Terrestrial tuff cones typically have slopes of 10-30°, heights varying from 50-370 m and diameters of up to 1.5 km [Vesperman and Schmincke, 2000] . In a photoclinometric study of the Isidis cones, Hodges and Moore [1994] gave typical profiles and dimensions with heights of 30-100 m and slopes of approximately 9 -26°. The slightly lower slopes of the Isidis cones are consistent with trends expected with such eruptions under Martian conditions [e.g., Wilson and Head, 1994] .
[52] Both magmatic and phreatomagmatic activity seem plausible for the formation of the Isidis cones. Therefore we tend to favor a tuff cone, rather than cinder cone, interpretation because there is independent evidence for the volatilerich substrate in the ejecta patterns of some of the Isidis larger impact craters, and the high water-magma ratios associated with tuff activity would be sufficient to suppress the formation of all lava flows.
Isidis Volatile Sources
[53] Terrestrial tuff cones and rings are associated with eruptions under standing water or through water-saturated rocks and soil [Head and Wilson, 2002 ]. On Mars, either H 2 O or CO 2 ice could provide suitable volatile reservoirs for this process. The variable ages of the cones suggest that there must have been recharge of the volatiles within the subsurface between episodes of eruption. This could be related to the influx of sediments over the basin floor from the surrounding highlands or to recharge from the atmosphere possibly via obliquity-controlled climate changes as suggested by Mellon and Jakosky [1995] .
[54] Another possibility for the origin of volatiles associated with the formation of tuff cones is the presence of standing bodies of water in Isidis. It is clear from the dimensions of the outwash channels which lead into the northern plains that the associated floods could have left extensive lakes and possibly oceans [e.g., . Parker et al. [1993] identified two possibly shorelines along the margins of the northern plains including Isidis. These shorelines have not been recognized in MOC images [Malin and Edgett, 2000] . However, Head et al. [1999] used MOLA data to show that one of the shorelines (''contact 2''), which If an ocean or oceans did exist, it is uncertain whether the timing and duration or these events are consistent with the range of ages of the Isidis cones.
[55] The Beagle 2 Lander may be able to provide more information about the Isidis cones and the associated volatile activity that we presume occurred. For instance the camera might view some of the cones and, through Beagle's mineralogical and mass spectrometer analyses, an indication may be obtained of whether H 2 O or CO 2 ice is present in the subsurface. Identification of substantial quantities of carbonate minerals would also suggest ancient fluids had high proportions of CO 2 , whereas a much higher abundance of sheet silicates compared to carbonate would be consistent with water-dominated fluids.
Dune and Aeolian Features
[56] Areas surrounding the conical landforms in Isidis often contain high-albedo transverse dunes, with a typical spacing of 50-100 m. Dunes are generally oriented NW-SE and dunes are often concentrated near the SE and NW ends of cone ridges and in the gaps within ridges consistent with the surface wind-strength having been intensified in those places because of the obstruction to airflow caused by the cones. (Figure 5 ). In the General Circulation Model (GCM) of Greeley et al. [1993] the prevalent wind direction during northern hemisphere autumn and winter when the surface wind stress is greatest comes from the NE. However, we have not yet found any firm indication in the Isidis MOC images to indicate whether the dune-forming wind direction is mainly from the NE or the SW. In addition to their GCM, Greeley et al. [1993] showed that some bright streak directions on Viking images of Isidis indicated a prevalent wind direction from SW to NE. Therefore, if there is a single prevalent wind direction associate with dune formation in the area of our landing site then it remains unclear.
[57] Similar dunes are also found in the interiors of some of the impact craters, and bright NW-SE streaks in the lee of some cones and impact craters may indicate local accumulations of dust. Dune length (typically reaching at least 100 m) shows that they are larger landforms than the meter-sized drifts which were seen at the Viking and Pathfinder landing sites. Smaller drifts such as those are probably too small to be visible in the Isidis MOC images. However, the similar albedos of Isidis and the previous landing sites suggests that the Beagle 2 site will also have dust and drift partially covering the surface rocks and in small accumulations. Martian sand dunes may have a width:height ratio of 10:1 [Breed et al., 1979] , and on this basis the Isidis sand dunes seen in the MOC images are expected to be typically up to a few meters in height. Only exceptionally on Mars do dunes reach heights up to 150 m [Breed et al., 1979] .
[58] Isidis is not a frequent center for major, localized dust storm activity. In a survey of 120 regional dust storms observed between 1894 and 1984 , Martin and Zurek [1993 listed 2 of them as being centered on Isidis.
Impact Craters and Resurfacing of the Isidis Basin
[59] We conducted some counts on impact craters <1 km diameter seen in three of the MOC narrow angle images within the landing ellipse, with the aim of identifying any episodes of erosion or deposition within Isidis. Counts of larger craters were performed on MDIM1 images. One of the MOC counts was performed on the west side of the initial landing ellipses (Hesperian Ridged Plains Hvr) and the other two on the eastern side (Figure 2 ; mapped as Amazonian Smooth Plains, Aps by Greeley and Guest [1987] ). The final landing ellipse lies within Aps. The average results are plotted on Figure 7 . These counts and the plotted average show that the expected production functions for unaltered terrains have not been preserved in Isidis for the smallest craters (<120 m). The most obvious agent for this process of crater degradation is the aeolian action described in the previous section. However, some large 15-20 km, partially buried ''ghost'' craters in the Amazonian Smooth Plains formation (Figures 2 and 4a ) may have resulted either from the Amazonian influx of lava or sediment across the basin, or, through erosion of the Isidis land surface that has affected many of the cones. The MOC evidence for erosion is, as stated previously, the degraded and gullied state of some of the cones and exhumation of a dyke-like feature.
[60] The area covering the three most prominent partially buried craters (Figure 2 ) is also part of the area with a relatively high bulk TI (Figure 3a ) which is consistent with an influx of sediment from the Libya Montes region of the highlands across the basin floor and over some of the crater rims. There is no evidence for a higher proportion of the conical hills in this part of the basin, the Aps outcrop and high TI margin to the basin have the lowest proportion of cones, mainly <5% by area of the MOC images. There is therefore no obvious link between the inferred predominant direction of sediment influx over Isidis as shown by the TI pattern and the formation of the conical landforms. This is consistent with a volcanic rather than sedimentary origin for the cones.
[61] One of the larger impact craters (25 km diameter) within Isidis is located to the NE of the landing ellipses at 12.5°N, 271°W. It is surrounded by a well-defined lobate ejecta pattern of up to 15 km width. Such ejecta patterns, which are common across the northern plains, may indicate impact into an ice-rich substrate [Carr, 1981] . The largest crater in the Inner Plains deposits near the landing ellipses is the 60 km diameter impact crater at 10°N, 266°W. It is likely that some of the rocks on the ground surface within the landing ellipses originated as impact ejecta from this crater. If it is assumed that ejecta travel 2.0 times the radii of impact craters within Isidis [MouginisMark, 1979] then the ejecta from the 60 km diameter impact crater at 10°N, 266°W is likely to have reached 60 km from the crater rim and cover approximately 450 km 2 of the NE corner of the initial landing ellipse for a flight path angle of 15° (Figure 4b ). The area within the larger, initial three sigma landing ellipses also contains 9 craters !3 km diameter ($90 km 2 ). There are 2 such impact craters within the smaller final landing ellipse.
Implications for the Nature of the Isidis Landing Site
[62] MOLA and MOC data from Mars Global Surveyor have provided evidence that extensive volcanism has taken place within the northern plains during the Hesperian epochs, into the late Amazonian epochs, and locally to within the last few tens of Ma [Hartmann and Berman, 2000] . It is reasonable to suppose that this has affected Isidis and is associated with the formation of the conical hills and the intrusion of occasionally visible dykes. The chains of conical hills and rings, together with dykes which may have acted as magma conduits, could be related to the underlying structural and fault patterns within the basin. On the basis of the current evidence (particularly the absence of lava flows) we favor an origin as tuff cones and tuff rings through phreatomagmatic activity (although we recognize that an origin as cinder cones cannot be ruled out).
[63] The variable state of erosion of the presumed tuff cones shows that they formed intermittently over a long part of the Martian geological record. As tuff cones require substantial fluid reservoirs for explosive magma-volatile interaction to take place (i.e. probably water ice or CO 2 ice accumulations) their presence in a variety of degradational states suggests that Isidis had substantial near-surface ice over much of the Amazonian and perhaps Hesperian. This volatile reservoir must have been recharged at various times, possibly during sediment influx over the basin from the surrounding highlands, or, alternatively, from recharge via the atmosphere.
[64] The pattern of thermal inertia across the basin suggests that the predominant sediment influx was from the Noachian terrain around the southern and eastern margins of the basin. The ground has undergone some resurfacing probably as a result of aeolian activity. In particular this is shown by the eroded nature of some of the conical hills and the degradation or infilling of small, <120 m diameter, impact craters. The partial infilling of some larger km-size craters is probably a result of the Amazonian influx across the basin's underlying Hesperian volcanic basement. Signs of aeolian activity may be visible from the Beagle Lander in the form of dust drifts and more occasional sand dunes 10 m high. The predicted proportion of rocks >0.10 m diameter (mean 11% across the landing ellipses, 0 -15% within the final ellipse) is less than that of the Viking 1,2 and Pathfinder sites which had predicted rock abundances of 15%, 18% and 18% [Golombek et al., 1997a] , with similar values observed at the landing sites (e.g., 16% at the Pathfinder site [Pathfinder Rover Team, 1997; Keller, 1990, 1991] ).
[65] The similarity of albedos and spectral characteristics of Isidis and the previous landing sites suggest that Beagle 2 will encounter an oxidized surface with a partial covering of sulfur-rich dust, although the high fine component TI values suggest more extensive coverage by oxidized duricrusts than was encountered by the other landers. MOLA show that Isidis is a flat basin with subdued topography and relatively few slopes greater than a few degrees and so the panoramic view from the Beagle 2 Lander is likely to show a terrain that is generally as flat as that encountered by the previous landers. Radar data show that the site is also smooth at decimeter to meter scales.
[66] An important difference is that Isidis contains evidence in the form of volcanic cones and rings for prolonged subsurface volatile activity. This is likely to be reflected in the mineralogy encountered, for instance a high proportion of clays, sulfates, perhaps carbonates and other secondary minerals resulting from the alteration of the bedrock. If the cones are tuff cones (derived from lava/ice interaction), then this suggests that there was a near-surface H 2 O or CO 2 ice reservoir underlying Isidis during Hesperian to Amazonian times which was periodically recharged. However, current near-surface major ice reservoirs are situated in midlatitude regions [Mustard et al., 2001] and only slightly deeper reservoirs are likely to be present in Isidis.
Exobiological Potential of Isidis
[67] The pattern of thermal inertia indicates that much of the sediment which spread over the Isidis basin was derived from the Noachian terrain to the south. It is within Noachian sequences that meter-scale layered sedimentary rocks may be present [e.g., Malin and Edgett, 2000] acting as a trap for part of the CO 2 which was present in the thicker early atmosphere. Bridges et al. [2001] suggested on the basis of carbonate concentrations in Martian meteorites that the equivalent of 50-250 mbar pCO 2 could have been trapped in the upper Martian crust. Sampling such material, present as rocks (average 11% coverage in the landing ellipse) transported onto the surface of the Isidis basin from the surrounding highlands, could provide an important insight into the early geology and atmosphere of Mars and is one of the obvious ways to search for traces of any past life. Although the surface rocks at the Viking 1,2 and Pathfinder outflow channel sites are generally regarded as basaltic or basaltic andesite in origin [Bell et al., 2000] , the larger the number of sample localities reached by probes at Isidis and other landing sites, the greater the chance that any sedimentary rocks will be encountered.
[68] As argued above it is likely that Isidis has a higher proportion of its surface covered by duricrust than Pathfinder or Viking 1 and 2. Duricrusts might have originated through direct evaporation of standing water at some time in the basin's history e.g., the Hesperian. Alternatively they may be associated with the sediment influx across the basin. They could also have formed as a result of ice sublimation in geologically recent times. Sublimation of ice to vapor takes place during the Mars spring and summer. This process could act to concentrate salts and volatiles within the top few meters of the ground [Mustard et al., 2001] .
[69] The igneous or explosive volatile activity centered within the Isidis basin over much of its history is a potential source of the energy and water necessary for life to have existed. Subsurface hydrothermal systems are considered one of the geological environments on Mars at which life may have existed [e.g., Jakosky and Mellon, 2001; Farmer and Des Marais, 1999] and Isidis may have preserved traces of ice/fluid reservoirs and hydrothermal (H 2 O-CO 2 ) systems. The variable state of erosion of the cones in Isidis indicates that such hydrothermal systems could have existed over a protracted period of time (e.g., throughout the Amazonian). The explosive activity that formed the cones and rings would have excavated material from such systems onto the surface. These arguments suggest that the Beagle 2 landing site has a good exobiological potential for an area whose selection was so tightly constrained by engineering considerations. At a minimum there will almost certainly be abundant material such as the duricrust and soil and dust that has experienced interactions between volatiles in the atmosphere and subsurface, and this environment may have trapped more complex organic molecules. The sampling techniques of Beagle, including being able to burrow into the soil and underneath rocks enhance the potential for locating preserved organic material beneath the highly oxidized top surface [e.g., Clark, 1998 ] which the Viking Landers might have missed.
